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[57] ABSTRACT

An image formation apparatus including a latent elec-
trostatic image formation unit for forming on a latent-
electrostatic-image-bearable photoconductive member
a latent electrostatic image corresponding to an original
image; a development unit for developing the latent
electrostatic 1mage into a visible toner image with a
developer; an image-transfer unit for transferring the
visible toner image from the photoconductive member
to a transfer sheet; an image-fixing unit for fixing the
visible toner image to the transfer sheet, including an
image fixing roller, the surface of which is coated with
a release agent comprising a silicone oil; a solvent mist
generation unit for generating a solvent mist; and an
ozone decomposing unit for trapping and decomposing
ozone generated in the image formation apparatus by
mixing the ozone with the solvent mist. '

17 Claims, 15 Drawing Sheets
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FIG 9
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1

APPARATUS FOR DECOMPOSING OZONE BY
| USING A SOLVENT MIST

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an image formation
apparatus in which a latent electrostatic image is formed
on an electrophotographic photoconductor or an elec-
trostatic recording member by an electrostatic record-
ing method, and in particular to an image formation
apparatus comprising a means for decomposing ozone
generated 1n the apparatus by intentionally bringing
ozone mto contact with a mist of, for example, a carrier
hquid for a liquid developer, and a release agent applied
to a heat-application roller in an image fixing unit.

2. Discussion of Background

In an image formation apparatus employing an elec-
trostatic recording method, namely, an electrostatic
copying apparatus, a latent electrostatic image is
formed on an electrophotographic photoconductor or
an electrostatic recording member. The latent electro-
static 1mage 1s developed into a visible toner image with
a wet- or dry-type developer and the toner image thus
obtained i1s electrostatically transferred to a transfer
sheet and fixed thereto by using a heat-application rol-
ler. Thus, the toner 1image can be fixed to the transfer

sheet.
FIG. 1 shows a conventional dry-type electrophoto-

graphic copying apparatus. In FIG. 1, a photoconduc-
tive drum 3 is rotatably driven in the clockwise direc-
tion. An original (not shown) 1s placed on a contact
glass 1, with an image-bearing side thereof in contact
with the contact glass 1. The surface of the photocon-
ductive drum 3 1s uniformly charged by an electric
charger 10 and exposed to the light images which are
converted from the original images of the original by an
optical scanning system 2. As a result, the latent electro-
static images corresponding to the original images are
formed on the surface of the photoconductive drum 3.
The latent electrostatic images are developed to visible
toner images with a dry-type developer in a develop-
ment unit 12. The visible toner images thus formed on
the photo-conductive drum 3 are transferred via a trans-
fer charger 14 to a transfer sheet which is supplied from
a paper supply cassette 4 or 5. The transfer sheet is
separated from the photoconductive drum 3 using a
separation charger 15 and transported to an image fix-
ing unit through a conveyor belt 19. In the image fixing
unit, the toner images transferred on the transfer sheet
are thermally fixed thereto by causing the sheet to pass
between a pair of image fixing rollers 20. After the
completion of the image fixing, the transfer sheet is
discharged onto a copy tray 22.

In FIG. 1, reference numerals 6 and 7 indicate paper
supply rollers; reference numeral 8, a resist roller; refer-
ence numeral 9, paper carrier roller; reference numeral
11, an eraser; reference numeral 13, a quenching lamp
for image transfer; reference numeral 16, a separation
pawl; reference numeral 17, a fur brush; reference nu-
meral 18, a quenching lamp; reference numeral 21, a
pair of paper discharging rollers; reference numeral 30,
-a toner concentration detector; and reference numeral
31, a slit.

As mentioned above, the photoconductor or electro-
static recording member 1s charged to a predetermined
polarity by a corona charger in the course of the latent
electrostatic image formation process, and the toner
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images formed on the photoconductor or electrostatic
recording member are transferred to the transfer sheet
using the corona charger. This results in the generation
of ozone in the apparatus. In addition to the corona
charger, a quenching unit is provided in order to con-
stantly produce high quality images in a high-speed
image formation apparatus or an image formation appa-
ratus applicable to the wide-width image formation.
When the quenching unit is in operation, electrical dis-
charging takes place and ozone is generated by the
electrical discharging. Thus, the quenching unit is also a
source of generating ozone. Accordingly, ozone is unfa-
vorably generated and built-up in the image formation
apparatus during the operation thereof.

When the concentration of the ozone reaches 0.02
ppm or more, some people feel a foreign odor. At a
concentration of 0.1 ppm or more, the ozone gives an
unpleasant feeling and it cannot be ignored from the
viewpoint of hygiene.

In addition to the above, when the inside of the image
formation apparatus is exposed to the ozone at a con-
centration of 0.1 ppm or more for an extended period of
time, the constituent parts of the image formation appa-
ratus such as a rubber member deteriorate, and the
characteristics of a photoconductive layer of the photo-
conductor are degraded because of oxidation caused by
the ozone.

To remove the ozone generated in the image forma-
tion apparatus, an ozone decomposing unit employing
an ozone decomposing agent is conventionally pro-
posed. However, the ozone decomposing unit makes it
difficult to reduce the size of the image formation appa-
ratus. Furthermore, when such an ozone decomposing
unit 1s employed, the ozone decomposing agent has to
be replenished and the maintenance of the ozone de-
composing unit is necessary, which increases the cost of
the image formation apparatus as a whole.

When a wet-type electrophotographic copying appa-
ratus 1s compared with a dry-type electrophotographic
copying apparatus, the amount of ozone discharged
from the wet-type copying apparatus is smaller. This is
possibly because a solvent used as a carrier liquid for a
hquid developer vaporizes in a development unit to
become a mist. During the development of latent elec-
trostatic images with a liquid developer and the transfer
of the developed images after development, the carrier
hquid for the liquid developer which has deposited on
the photoconductive drum or the transfer sheet also
vaporizes in the apparatus to become a mist. When the
mist of the carrier liquid hanging in the apparatus comes
into contact with ozone generated in the image forma-
tion apparatus, part of the ozone is decomposed to oxy-
gen. Furthermore, a release agent which is applied to a
heated image-fixing roller vaporizes and turns into a
mist during the thermal image fixing. When the solvent
mist of the release agent comes into contact with ozone,
the ozone is slightly decomposed.

In a dry-type electrophotographic copying appara-
tus, only a release agent can become a solvent mist, so
that the amount of the solvent mist generated therefrom
is small. Thus, ozone is hardly decomposed by the mist
of the conventional release agent in the dry-type copy-

1ng apparatus.

Conventionally, the decomposition of ozone depends
on the degree of the spontaneous contact of the mist of
a solvent, such as a carrier liquid for the liquid devel-
oper, with the ozone, both of which are merely in sus-
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pension in the air in the apparatus, and the solvent mist
1S not intentionally brought into contact with the ozone
by use of a special means. Therefore, the ozone is hardly
decomposed.

The hiquid developer which is prepared by dispersing
toner particles in an aliphatic hydrocarbon such as no-
nane, decane, 1sododecane and isooctane is convention-
ally used in the wet-type image formation apparatus.
These aliphatic hydrocarbons are excellent in the image
fixing performance, so that they are widely used as the
carrier hiquids for the liquid developer. However, the
aliphatic hydrocarbons have particular odors and are
readily oxidized to produce an offensive odor when
heated in the image fixing operation.

As previously mentioned, a heat-application roller is
generally employed in the image fixing unit of the image
formation apparatus. A release agent, such as a silicone
oil, 1s applied to the surface of the heat-application rol-
ler 1n order to easily separate a transfer sheet from the
heat-application roller after the image fixing operation.
The silicone oil used as the release agent vaporizes and
becomes a solvent mist by the application of heat in the
image fixing operation and goes up in a white smoke,
which makes an unfavorable impression upon the users
of this kind of image formation apparatus. Therefore,
the silicone oil with a small volatile content, usually less
than 0.5 wt. % is conventionally used.

To prepare a silicone oil with a small volatile content,
however, a costly refining process is required. Further-
more, when the silicone oil is applied to the surface of
the heat-application roller, a release agent application
pad 1s generally used. Since the release agent applica-
tion pad impregnated with the silicone oil is disposed in
pressure contact with the surface of the heat-application
roller, the silicone oil considerably evaporates and is
wasted even when the 1mage forming process is not
carried out. It i1s desired that the silicone oil be not only
effectively used as the release agent for the heat-
application roller, but also efficiently utilized for de-
composing the aforementioned ozone.

SUMMARY OF THE INVENTION

Accordingly, an object of the present invention is to
provide an 1mage formation apparatus free from the
above-mentioned conventional shortcomings, in which
ozone generated In the apparatus can be effectively
decomposed without using a particular ozone decom-
posing agent.

The above-mentioned object of the present invention
can be achieved by an image formation apparatus com-
prising (1) a latent electrostatic image formation means
for forming on a latent-electrostatic-image-bearable
photoconductive member a latent electrostatic image
corresponding to an original image; (ii) a development
means for developing the latent electrostatic image into
a visible toner 1mage with a developer; (iii) an image-
transfer means for transferring the visible toner image
from the photoconductive member to a transfer sheet;
(iv) an image-fixing means for fixing the visible toner
image to the transfer sheet, comprising a heat-applica-
tion roller, the surface of which is coated with a release
agent comprising a silicone oil; (v) a solvent mist gener-
ation means for generating a solvent mist; (vi) an ozone
decomposing means for trapping and decomposing
ozone generated in the image formation apparatus by
mixing the trapped ozone with the solvent mist.
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4
BRIEF DESCRIPTION OF THE DRAWINGS

A more complete appreciation of the invention and
many of the attendant advantages thereof will be
readily obtained as the same becomes better understood
by reference to the following detailed description when
considered in connection with the accompanying draw-
Ings, wherein:

FIG. 1 1s a schematic cross-sectional view of a con-
ventional dry-type electrophotographic copying appa-
ratus;

FIG. 2 1s a schematic cross-sectional view of a wet-
type electrophotographic copying apparatus, one exam-
ple of the image formation apparatus according to the
present invention;

FIG. 3 1s a schematic cross-sectional view of a dry-
type electrophotographic copying apparatus, one exam-
ple of the image formation apparatus according to the
present invention;

F1G. 4(a) 1s an enlarged detailed view of a conven-
tional image fixing unit in the dry-type copying appara-
tus;

FIG. 4(b) 1s an enlarged detailed view of an image
fixing unit A and an ozone trapping and decomposing
unit B in the dry-type electrophotographic copying
apparatus of FIG. 3;

FIG. S 1s a schematic view of a dry-type electropho-
tographic copying apparatus, one example of the image
formation apparatus according to the present invention:

FIG. 6 is a flow chart of the control operation in a
dry-type mmage formation apparatus according to the
present invention; |

FI1G. 7 1s a block diagram of a control system which
1s connected to the mechanism of the wet-type electro-
photographic copying apparatus as shown in FIG. 2:

F1GS. 8 to 12 are flow charts of the control operation
by a central processing unit (CPU) 30 in the block dia-
gram of FIG. 7; :

FIG. 13 to 16 are flow charts which show various
examples of the copy operation processing in the con-
trol operation by CPU 30:

F1G. 17 is a graph showing the relationship between
the elapsed time of continuous copying operation and
the concentration of ozone generated in the apparatus:
and |

FIG. 18 is a flow chart of the control operation of a
release agent application felt in the dry-type image for-
mation apparatus according to the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

A wet-type electrophotographic copying apparatus,
one example of the image formation apparatus accord-
ing to the present invention, will now be explained in
detail by referring to FIG. 2. ,

In FIG. 2, a photoconductive drum 1 is rotatably
driven in the direction of the arrow at a constant speed
by a drive system (not shown) in the course of a copy-
ing operation. The outer surface of the photoconduc-
tive drum 1 is uniformly charged to a predetermined
polarity by a main charger 14, and exposed to a hight
image which is converted from an original image by an
exposure system. Thus, a latent electrostatic image is
formed on the surface of the photoconductive drum 1.
At the same time, the non-image-formation areas on the
photoconductive drum 1 are quenched by an eraser 13.

The latent electrostatic image formed on the photo-
conductive drum 1 1s developed to a visible toner image
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by a first development roller 6 and a second develop-
ment roller 8 both of which support a liquid developer
thereon. The development rollers 6 and 8 are rotatably
driven in the direction of the arrow, with a slight gap
being provided between the development rollers 6 and
8, and the photoconductive drum 1. The residual toner
particles deposited on the development rollers 6 and 8
are cleared therefrom by the respective scrapers 7
which are fixed to a development container 24. In the
development unit, a reverse squeeze roller 9 and a
scraper 7 which is in contact with the reverse squeeze
roller 9 are also provided in the development container
24. The reverse squeeze roller 9 is rotatably driven in
the direction of the arrow by the drive system, and
squeezes the excessive liquid developer deposited on
the photoconductive drum 1. The liquid developer
squeezed by the reverse squeeze roller 9 is scraped
therefrom by the scraper 7 in contact therewith. The
carrter liqumd for the liquid developer for use in the
present invention comprises a silicone oil.

The toner image thus developed on the photoconduc-
tive drum 1 is transferred via a transfer charger 11 to a
transfer sheet 21 which 1s supplied from a paper supply
unit (not shown) and carried by sheet-transport rollers
10 along a paper path as indicated by the broken-line.

The transfer sheet 21 which bears the toner image is
separated from the surface of the photoconductive
drum 1 by separation rollers (not shown) and led to an
image fixing unit along a transfer-sheet conveyor belt
20.

In the 1mage fixing unit, the transfer sheet 21 which
bears the toner image 1s caused to pass between a heat-
application roller 31 with a built-in heater 33 and a
pressure-application roller 32. After the completion of
the image fixing operation, the transfer sheet 21 is dis-
charged from the electrophotographic copying appara-
fus.

After separation of the transfer sheet 21 from the
photoconductive drum 1, the residual liquid developer
on the photoconductive drum 1 is cleared therefrom by
a cleaning foam roller 18 and a cleaning blade 16 of a
cleaming unit. Reference numeral 17 indicates a liquid
developer spreading plate and reference numeral 19, a
liquid developer discharge hole. The residual electric
charge of the photoconductive drum 1 1s then quenched
by a quenching lamp 15 (or a quenching charger) to be
ready for the subsequent copying operation.

Prior to the image fixing operation, a set of squeeze
rollers consisting of a blotter roller and a sponge roller
may be provided to squeeze out a carrier liquid of the
liquid developer which permeates through the transfer
sheet.

In the image fixing unit, the toner image formed on
the transfer sheet 21 is brought into contact with the
surface of the heat-application roller 31. The heat-
application roller 31 is brought into pressure contact
with the pressure-application roller 32, with a path for
the transfer sheet 21 provided therebetween. A pres-
sure-application lever 34 is brought Into pressure
contact with a shaft portion of the pressure-application
roller 32 by the force of a spring 35, whereby a prede-
termined pressure is applied to the pressure-application
roller 32. Thus, a nip is formed between the heat-
application roller 31 and the pressure-application roller
32. The heat-application roller 31 has a built-in heater 33
as a heat source for the image-fixing, as previously men-
tioned. The temperature of the built-in heater 33 1s con-
trolled by a thermistor 36 and a temperature fuse 37. A
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transfer-sheet separation pawl 38 and a release agent
application felt 39 are provided in contact with the
outer surface of the heat-application roller 31. Refer-
ence numeral 43 indicates a release agent reservoir
which 1s connected to the above-mentioned release
agent application felt 39.

The hquid developer stored in a liquid developer
reservoir 22 of a developer supply unit is pumped by a
pump 2, carried through a developer supply pipe 4 and
supphed to the development unit via a developer supply
nozzle § which is located at the upper part of the devel-

‘opment unit. The unused liquid developer is collected

and stored in the bottom of the development unit. It
finally flows into a developer discharge hole 12 by
gravity and returns through a developer recovery pipe
19 to the liquid developer reservoir 22 of the developer
supply unit. Reference numerals 23 and 3 indicate a
liquid developer level detection float sensor and a toner
concentration detector, respectively.

In the present invention, a solvent mist generation
means, an ozone and solvent mist trapping means and an
ozone discharging means are provided in the copying
apparatus. Therefore, ozone which is generated from
the main charger 14 and the transfer charger 11 is effec-
tively brought into contact with (i) the mist of the car-
rier liquid generating from the development rollers 6
and 8, the photoconductive drum 1, the transfer sheet
21, and the cleaning unit, and (ii) the mist of the release
agent applied to the heat-application roller in the image
fixing unit, so that the ozone is efficiently trapped and
decomposed. Thereafter the above trapped ozone and
solvent mist are discharged together from the apparatus
by the ozone discharging means.

In FIG. 2, a duct 41 equipped with a suction fan 40
therein serves to trap the ozone, bring the ozone into
contact with the solvent mist and then discharge them
together. In this figure, the ozone and solvent mist are
trapped together in the duct 41 by the suction of the
suction fan 40. Alternatively, the ozone and the solvent
mist may separately be trapped in the respective trap-
ping means, and thereafter they may be mixed together
to come In contact with each other. Reference numeral
42 indicates a silicone oil recovery filter. The ozone and
the solvent mist generated in the apparatus are sucked in
the direction of the arrow by the suction fan 40 and
trapped in the duct 41, where they are mixed together
and come 1n contact with each other effectively. As a
result, the ozone 1s decomposed and the solvent mist is
discharged from the apparatus.

In this case, the solvent mist comprises the mist of the
carrier liquid for the liquid developer and the mist of the
release agent applied to the heat-application roller. The
carrier liquid for the liquid developer for use in the
present invention comprises a silicone oil.

Conventionally, aliphatic hydrocarbons such as no-
nane, decane, 1sododecane and isooctane are used as the
carrier liquids for the liquid developer. However, they
have an odor and are apt to give off an offensive odor
when oxidized by the application of heat in the image
fixing performance. In contrast to this, the silicone oil
has no odor, and is excellent in thermal stability, so that
the generation of an offensive odor can considerably be
decreased when used in combination with the aliphatic
hydrocarbons. When the silicone oil is used alone as the
carrier hquid for the liquid developer, as a matter of
course, no offensive odor is generated.

Since the silicone oil recovery filter 42 is provided
before the outlet of the duct 41, the solvent mist of the
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silicone o1l 1s trapped thereby and recovered in the form
of droplets of the silicone oil as gradually cooled. The
droplets of the silicone oil are stored in a silicone oil
reservolr which 1s disposed below the filter 42 and fi-
nally returned to the liqmid developer reservoir 22. The
silicon oll recovery filter 42 promotes the effectiveness
of the contact of the ozone and the solvent mist because
the silicone oil mist 1s trapped in the filter 42.

When the suction fan 40 is driven to rotate too fast,
the thermal energy for the image fixing unit is wasted.
The suction force of the suction fan 40 may be prefera-
bly determined so as not to disturb the image fixing
operation. For the silicone oil recovery filter 42, a mate-
rial with a small pressure loss is used.

The carrier liquid for the liquid developer for use in
the present invention comprises a liquid-type silicone oil
with a siloxane structure. For example, a dimethy! sili-
cone, a methylphenyl stlicone, a cyclic silicone (cyclic
polysiloxane) and the mixture thereof can be used as the
carrier liquid. The above-mentioned silicone oil can be
used as the carrier liquid for the liquid developer in
combination with a paraffin- or isoparaffin-based ali-
phatic hydrocarbon such as nonane, decane, isododec-
ane, isooctane and ligroin. From the viewpoint of pre-
vention of the generation of a foreign or offensive odor,
as previously mentioned, the silicone oil with a siloxane
structure 1s preferably used alone as the carrier liquid
for the liquid developer.

The effect of the present invention will now be ex-
plained in detail by the following copying test.

EXAMPLES 1-1 TO 1-7 AND COMPARATIVE
EXAMPLE 1-1

The hquid developer reservoir 22 of the wet-type
electrophotographic copying apparatus as shown in
FIG. 2 was supplied with the respective developers
comprising the respective carrier liquids as shown in
Table 1, and copying tests were carried out by continu-
- ously making copies for 8 hours (19,200 sheets) with a
commercially available transfer sheet, “Type 6200~
(A-4 size), made by Ricoh Company, Ltd., at a linear
speed of 266 mm/sec and the image-fixing temperature
of 140°+10° C.

Using the same wet-type electrophotographic copy-
Ing apparatus in the above, the copying test was carried
out without passing the transfer sheet.

After the completion of the copying operation, the
concentration of ozone was measured by a commer-
cially available CLD ozone analysis system “DY8410"
(Trademark), made by Dylec Co., Ltd., and the odor
was assessed by an organoleptic test. The test was car-
ried out in a 30 m3 room without ventilation at 23°+2°
C. and 55*+5% RH. The nozzle for measuring the
ozone concentration was set inside the duct 41, 20 cm
from the outlet thereof.

The results are given in Table 1.

TABLE 1
Passing of Ozone Concen- Odor
Transfer Sheet  Carrier Liguid tration (ppm) *
Comp. Free run — 0.136 4
Ex. 1
Comp. Free run Isoparaffin- 0.082 4
Ex. 2 based aliphatic
hydrocarbon**
Ex.1 Free run Methylphenyl 0.068 2
silicone***
Ex.2 Freerun Dimethy] 0.058 -2
sithicone****
Ex.3 Freerun KF-58/ 0.073 2~3
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TABLE l-continued
Passing of Ozone Concen- Odor
Transfer Sheet  Carrier Liquid tration (ppm] .
Isopar H
(50/50 vol. %)
Comp. Presence —_ 0.114 3~4
Ex. 3  (sidewise) b
Comp. Presence Isoparaffin- 0.038 4
Ex. 4 (sidewise) based aliphatic
hydrocarbon**
Ex. 4  Presence Methylphenyl 0.032 0~1
(sidewise) silicone***
Ex.5  Presence Dimethy] 0.023 C~1
(sidewise) silicone****
Ex. 6 Presence Cyclic poly- 0.024 0~1
(sidewise) siloxane*****
Ex. 7  Presence KF-58/ 0.033 2
(sidewise) Isopar H

(50/50 vol. %)

*The odor was organoleptically assessed in the range of grade 0 to grade 5:

grade (: no odor

grade 5: extremely strong odor.

grades 1 10 4: odors between the above grades

***Isopar H" (Trademark). made by Exxon Chemical Japan. Lid.

*#44KF-38" (Trademark). made by Shin-Etsu Polvmer Co.. L1d.

tee2KE-96L-1" (Trademark). made by Shin-Etsu Polvmer Co.. Lid.
reseaKF-994" (Trademark). made by Shin-Etsu Polymer Co.. Lid.

rRE22EWhen the transfer sheet was passed through the apparatus. the ozone concen-
tratton was decreased from (.136 ppm to 0.114 ppm even though the carrier liquid
solvent was not used. This was because the ozone was decomposed by coming into
contact with a water component vaporizing from the transfer sheet.

As can be seen from the results in Table 1, the carrier
liqmid for the liquid developer for use in the present
invention comprises a silicone oil with a siloxane struc-
ture and there 1s provided in the apparatus a means for
effectively trapping the ozone and solvent mist to come
In contact with each other and discharging them from
the apparatus. Accordingly, the ozone can be effec-
tively decomposed and the generation of an unpleasant
odor can be remarkably decreased.

FIG. 3 1s a schematic cross-sectional view of a dry-
type electrophotographic copying apparatus equippe
with a photoconductive drum. |

In FIG. 3, a photoconductive drum 3 is rotatably
driven in the clockwise direction. The outer surface of
the photoconductive drum 3 is uniformly charged to a
predetermined polarity by a main charger 10. An origi-
nal (not shown) is placed on a contact glass 1 with an
image-bearing side thereof in contact with the contact
glass 1, and the original image is read by an optical
scanning system 2 and converted into a light image. The
hght 1mage is projected onto the surface of the photo-
conductive drum 3, so that a latent electrostatic image is
formed on the photoconductive drum 3. At the same
time, the non-image-formation areas on the photocon-
ductive drum 3 are quenched by an eraser 11.

The latent electrostatic image formed on the photo-
conductive drum 3 is developed into a visible toner
image with a dry-type developer (toner) in a develop-
ment unit 12. *

A transfer sheet P is supplied from a paper supply
cassette 4 or S through a set of rollers 8 and 9 synchro-
nously with the formation of the visible toner image on
the photoconductive drum 3, and is moved toward a
transfer charger 14, overlapping the toner image devel-
oped on the photoconductive drum 3. The toner image
on the photoconductive drum 3 is charged by the trans-
fer charger 14 and transferred to the transfer sheet P.

The transfer sheet P which bears the toner image is
separated from the photoconductive drum 3 by a sepa-
ration charger 15 and a separation pawl 16, and then

-
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transported to an image fixing unit A along a transfer
sheet conveyor belt 19.

In the 1image fixing unit A, the transfer sheet P which
bears the toner 1image is caused to pass between a heat-
application roller 20 and a pressure-application roller 21
as indicated by the broken-line. After the completion of
the thermal image fixing performance, the transfer sheet
P 1s discharged onto a paper discharge tray 22.

In FIG. 3, reference numerals 6 and 7 indicate paper
supply rollers; reference numeral 13, a quenching lamp
for image transfer; reference numeral 17, a fur brush:;
reference numeral 18, a quenching charger or quench-
ing lamp; reference numeral 40, a toner concentration
detector; and reference numeral 41, a slit.

‘The 1image fixing unit A will be explained in further
detail.

FIG. 4(a) 1s a conventional image fixing unit in the
dry-type copying apparatus of FIG. 3. In contrast to
this, as shown in FIG. 4(b), when a release agent (sili-
cone oil) which 1s applied to the surface of the heat-
application roller 20 vaporizes during the thermal image
fixing, the mist of the release agent can be introduced
Into an ozone trapping and decomposing unit B from a
vent which 1s provided at an upper part of an external
cover of the image fixing unit A.

In the image fixing unit A in FIG. 4(b), the heat-
application roller 20 with a built-in heater 23 1s brought
into pressure contact with the pressure-application rol-
ler 21, with a path for the transfer sheet P being pro-
vided therebetween. A pressure-application lever 34 is
brought into pressure contact with a shaft portion of the
pressure-application roller 21 by the force of a spring
35, whereby a predetermined pressure 1s applied to the
pressure-application roller 21. A thermistor 26 and a
temperature fuse 27 are provided around the heat-
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application roller 20, which serve to control the temper-

ature of the heat-application roller 20 and prevent ab-
normal increase of the temperature of the built-in heater
23.

A transfer sheet separation paw!l 28 and a release
agent application felt 29 are provided in contact with
the outer surface of the heat-application roller 20. A
silicone oil in a release agent reservoir 30 is supplied to
the release agent application felt 29.

Preferably, in the present invention, the release agent
application felt 29 is designed in such a fashion that it
may come into pressure contact with the outer surface
of the heat-application roller 20 or it may be detached
therefrom. Namely, the release agent application felt 29
can be detached from the surface of the heat-application
roller while the copying apparatus is not in operation.
As a result, the consumption of the release agent can be
decreased. The detachment of the release agent applica-
tion felt 29 from the heat-application roller 20 depend-
ing on the operation of the heat-application roller 20
may preferably be controlled by a control system. The
flow chart of this operation is shown 1n FIG. 18.

As the temperature of the heat-apphication roller 20
increases in order to thermally fix the toner image to the
transfer sheet P by passing the transfer sheet between
the heat-application roller 20 and the pressure-applica-
tion roller 21 in the image fixing unit A, the volatile
components of the release agent comprising the silicone
oil which is applied to the surface of the heat-applica-
tion roller 20 evaporate and become a mist. At the same
time, the water component contained in the transfer

sheet P also evaporates and becomes a mist.
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In the present invention, the mist of the release agent
which comprises a silicone oil and the water component
in the transfer sheet generate from the image fixing unit
A and flow into the ozone trapping and decomposing
unit B through the vent at the upper part of the cover of
the image fixing unit A. This solvent mist comes into
contact with ozone which is sucked into the ozone
trapping and decomposing unit B, whereby the ozone is
decomposed.

This ozone trapping and decomposing unit B, which
1s built in the dry-type electrophotographic copying
apparatus of FIG. 3, comprises a duct 31, a suction fan
24 which is provided at the outlet of the duct 31 and a
recovery filter 25. As in the case of the wet-type copy-
Ing apparatus, the recovery filter 2§ effectively pro-
motes the contact of the mist of the release agent which
1s generated from the heat-application roller 20 with the
ozone which 1s generated around the main charger 10,
the transfer charger 14 and the quenching charger 18,
because the mist of the release agent comprising the
silicone o1l adheres to the recovery filter 25. In addition,
the sihicone o1l mist trapped by the recovery filter 25
becomes droplets as gradually cooled, so that the sili-
cone o1l can be recovered in the form of droplets in a
release agent recovery tank 32 and then returned to the
release agent reservoir 30 to be repeatedly used as the
release agent for the heat-application roller.

As mentioned above, the suction force of the suction
fan 24 may adequately be determined, with the heat loss
in the image fixing performance taken into consider-
ation. For the recovery filter 25, a material with a small
pressure loss is used. | |

The release agent applied to the surface of the heat-
application roller 20 comprises a liquid-type silicone oil
with a siloxane structure. For example, a dimethy! sili-
cone, a methylphenyl silicone, a cyclic silicone (cyclic
polysiloxane) and the mixture thereof can be used. Of
these, dimethyl silicone is preferable. Furthermore, it is
preferable that the volatile components of the silicone
o1l used for the release agent be 0.5 wt. % or more, and
more preferably 0.1 wt. % or more. This is because such
silicone oils can be manufactured at low costs and it is
easy to cause these silicone oils to become a mist.

Using the dry-type electrophotographic copying ap-
paratus equipped with the image fixing unit A and the
ozone trapping and decomposing unit B as shown in
FI1G. 4(b), a copy test was carried out as follows:

EXAMPLE 2-1

A dry-type developer (toner) was supplied to the
dry-type electrophotographic copying apparatus of
FIG. 3 and a commercially available dimethyl silicone,
“KF-96” (Trademark), with the content of volatile
components of 0.5 wt. % and a viscosity of 300 cs, made
by Shin-Etsu Polymer Co., Ltd., serving as a release
agent of a heat-application roller 20 was placed in a
release agent reservoir 30 of the copying apparatus.

A copy test was carried out by continuously passing
a commercially available transfer sheet, “Type 6200
(Trademark), made by Ricoh Company, Ltd., through

‘the copying apparatus for 3 hours at a linear velocity of

345 mm/sec and the surface temperature of the heat-
application rolier 20 of 180°x20° C.

The concentration of the ozone contained in the gas
discharged from the ozone trapping and decomposing
unit B was measured by a commercially available CLD

ozone analysis system, “DY8410” (Trademark), made
by Dylec Co., Ltd.
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The test was carried out in a 30 m? room without
ventilation at 23°+2° C. and 55+5% RH. The nozzle
for measuring the ozone <Qncentration was set inside
the duct 31, 20 cm from the outlet thereof.

After the completion of copy-making over a period
of 3 hours, the ozone concentration was 0.036 ppm.

In addition, the hot off-set phenomenon did not occur

until the surface temperature of the heat-application
roller reached 240° C.

EXAMPLE 2-2

A copy test was carried out in the same manner as
employed in Example 2-1 except that a commercially
available dimethyl silicone, “KF-96-1" (Trademark),
made by Shin-Etsu Polymer Co., Ltd., with the content
of volatile components of 0.5 wt. % and a viscosity of 1
cs was added to the release agent used in Example 2-1 in
an amount ratio of 1 wt. %.

After the completion of copy-making over a period
of 3 hours, the ozone concentration was 0.029 ppm.
~ In addition, the hot off-set phenomenon did not occur
until the surface temperature of the heat-application

roller reached 250° C.
EXAMPLE 2-3

A copy test was carried out in the same manner as
employed in Example 2-1 except that the surface tem-
perature of the heat-application roller 20 was changed
to 200°:+20° C.

After the completion of copy-making over a period
of 3 hours, the ozone concentration was 0.024 ppm.

When the surface temperature of the heat-application
roller 20 exceeded 200° C., the amount of the mist of the
release agent applied to the heat-application roller 20
abruptly increased. As a result, the mist of the release
agent, which became a white smoke, passed through the
recovery filter 25, without trapped thereby.

EXAMPLE 24

A copy test was carried out in the same manner as
employed in Example 2-1 except that the release agent
was changed to a commercially available methylphenyl
silicone, “KF-56" (Trademark), made by Shin-Etsu
Polymer Co., Ltd., with the content of volatile compo-
nents of 0.5 wt. %.

After the completion of copy-making over a period
of 3 hours, the ozone concentration was 0.042 ppm.

In addition, the hot off-set phenomenon occurred
when the surface temperature of the heat-application

roller reached 190° C.
COMPARATIVE EXAMPLE 2-1

A copy test was carried out in the same manner as
employed in Example 2-1 except that the image fixing
unit A employed in Example 2-1 was changed to the
conventional one as shown in FIG. 4(a@) without the
ozone trapping and decomposing unit, and that the
release agent was changed to a commiercially available
dimethyl silicone with the content of volatile compo-
nents of 0.1 wt. % or less.

After the completion of copy-making over a period
of 3 hours, the ozone concentration was as high as 0.173
ppm.

In addition, the hot off-set phenomenon occurred
when the surface temperature of the heat-application
roller reached 240° C.

As can be seen from the results of the copy tests, since
the image formation apparatus according to the present
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Invention comprises a means for trapping ozone and the
mist of the release agent for the heat-application roller,
ozone 1s caused to come into contact with the mist of
the release agent effectively and is readily decomposed.

By providing a release agent recovery filter and a
recovery tank, the silicone oil, which is superior in the
thermal stability, invulnerable to oxidation, and has no
odor, can be repeatedly used as the release agent.

To avoid the hot off-set phenomenon, dimethyl sili-
cone 1s particularly desirable.

EXAMPLES 3-1 TO 3-3 AND COMPARATIVE
EXAMPLE 3-1

The copying tests in Examples 2-1 to 2-3 and Com-
parative Example 2-1 were repeated except that each
test was intermittently carried out with alternative one-
hour operation and one-hour non-operation. The results
were exactly the same as in Examples 2-1 to 2-3 and
Comparative Example 2-1.

As previously mentioned, both in the wet- and dry-
type electrophotographic copying apparatus, the ozone
and the solvent mist are trapped together in an ozone
trapping means, namely, a duct equipped with a suction
fan. Alternatively, they may be separately trapped in
the respective trapping means. Thereafter, they are
mixed so as to be caused to come into contact with each
other to decompose the ozone. Finally, they are dis-
charged from the apparatus.

In the present invention, a control system may be
provided to control the operation of the suction fan, for
example, in accordance with the concentration of ozone
built up in the apparatus or the number of copies made.

In the case where the operation of the suction fan is
controlled by the control system in accordance with the

‘0zone concentration, an 0zone concentration detector is

set in the apparatus. For example, in FIG. 3, the nozzle
of the ozone concentration detector may preferably be
set at the position *“a”, “b”, *“c” or “d”. In the wet-type
electrophotographic copying apparatus as shown in
FIG. 2, an adequate position of the ozone concentration
detector 1s the position *““a” because it is considered that
the average concentration of ozone in the apparatus can
be measured at the position “a”. The reason for this is
that the position *“a” is apart from the various chargers
which are the generation sources of ozone. In the vicin-
ity of the chargers, the on-and-off operation of the char-
gers induces large dispersion of the ozone concentra-
tion.

When the nozzles are placed at the positions “b”, “c”
and “d”, the concentration of ozone contained in the
gas which 1s finally discharged from the apparatus can
be measured.

When the ozone concentration thus detected by the
ozone concentration detector reaches a predetermined
level, the suction fan 40 is driven to rotate by the con-
trol system. To the contrary, the rotation of the suction
fan 40 is stopped when the ozone concentration de-
creases to a predetermined level. This control system
can prevent the unnecessary rotation of the suction fan
40, thus saving energy. Since there is a difference in the
sensitivity to the odor of ozone among individuals, the
above-mentioned predetermined levels of the ozone
concentration may freely be altered, using the read only
memory (ROM) in the control system.

The above-mentioned embodiment will now be ex-
plained in detail by the following examples.
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EXAMPLE 4-1

A liquid developer reservoir 22 of the wet-type elec-
trophotographic copying apparatus as shown in FIG. 2
was supplied with a liquid developer which.comprised
a carrier liquid of a commercially available methyl-
phenyl silicone, “KF-58" (Trademark), made by Shin-
Etsu Polymer Co., Ltd. .

An ozone concentration detector was set at the posi-
tton “a” in the copying apparatus of FIG. 2. A program
of the control system was made in such a fashion that a
suction fan was driven to rotate when the concentration
of ozone detected by the ozone concentration detector
attained to 0.02 ppm, and that the rotation of the suction
fan was stopped when the ozone concentration de-
creased to 0.01 ppm.

Using a commercially available transfer sheet,
“Type-6200” (A-4 size), made by Ricoh Company,
Ltd., a continuous copy test was performed at a linear
velocity of 266 mm/sec and an image fixing tempera-
ture of 140°+10° C.

As a result of the continuous copy test, the ozone
concentration was maintained in the range of 0.01 to
0.02 ppm, and there was no odor of ozone.

As previously mentioned, the operation of the suction
fan may be controlled by the control system in accor-
dance with the number of copies made.

More specifically, the number of copies at which the
users sense an unpleasant odor of ozone is preset in a
program of the control system. When a copy number
counter counts to the preset number, the suction fan 40
is driven to rotate by the control system because a fan
operation key and a copy number key mounted on an
operation panel (not shown in FIG. 2) of the copying
apparatus are interlocked. FIG. 6 is a flow chart of the
copying operation in the above case.

From the viewpoint of sufficient decomposition of
ozone, the rotation of the suction fan 40 may be stopped
after a lapse of a predetermined period rather than im-
mediately after the completion of the copying opera-
tion.

When a large number of copies are continuously
made, the suction fan is driven to rotate only at need.
Accordingly, this control system is advantageous in

energy saving.
The above-mentioned embodiment will now be ex-

plained in detail by the following examples.

EXAMPLE 5-1

A liquid developer reservoir 22 of the wet-type elec-
trophotographic copying apparatus as shown in FIG. 2
was supplied with a hiquid developer which comprised

a carrier liquid of a commercially available methyl-

phenyl silicone, “KF-58"" (Trademark), made by Shin-
- Etsu Polymer Co., Ltd. |
Using a commercially available transfer sheet,
“Type-6200” (A-4 size), made by Ricoh Company,
Ltd., a continuous copy test was performed at a linear
velocity of 266 mm/sec and an image fixing tempera-
ture of 140° % 10° C. under the following control condi-
tions.
~ First, a number “99” was input by the copy number
register keys on the operation panel. The copy-making
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of 99 sheets was repeated ten times at intervals of five 65

minutes, without operating the suction fan. After the
completion of the copy-making, the concentration of
ozone was 0.017 ppm.

14

Next, a number 990" was input, and 990 sheets were
continuously subjected to the copy-making, without
operating the suction fan. After the completion of the
copy-making, the ozone concentration was 0.062 ppm.
On the other hand, 990 sheets were continuously sub-
jected to the copy-making, with the suction fan oper-
ated. The ozone concentration was 0.002 ppm.

Generally, the odor of ozone is sensed at the ozone
concentration of 0.02 ppm to 0.04 ppm, although the
sensitivity varies from person to person. It is preferable
that presetting of the number of copies and the opera-
tion of the suction fan be freely altered by switching the
position of the DIP switch.

There are many ways to control the operation of the
suction fan by the control system.

Examples of the way to control the operation of the
suction fan will now be given as follows:

Control System 1

The suction fan in this control system I is rotated for
> seconds after the continuous copying operation over a
period of 1 minute.

FIG. 7 1s a block diagram of the control system I, that
1S, an electric circuit linked to the mechanism of the
wet-type electrophotographic copying apparatus as
shown in FIG. 2.

The control system I as shown in FIG. 7 is composed
of a central processing unit (CPU) 30, a read-only-mem-
ory (ROM) 32, a random access memory (RAM) 31,
two mput/output port buffers 33, a plurality of drivers
34, an operation- display panel unit 35, sensors 36 for
detecting the state in the copying apparatus, a pulse
generator 37 in synchronization with the photoconduc-
tive drum 1 and buffers 38. |

The ROM 32, RAM 31 and input/output port buffers
33 are connected to the CPU 30 by address buses, con-
trol buses and data buses. The drivers 34 serves to selec-
tively apply a load to each system of the apparatus
corresponding to the signals from the input/output port
buffers 33. The operation display panel unit 35 includes
a print key which starts the copying operation, a ten
key, a cassette selection key, an exposure selection key,
a magmfication selection key, a copy number display
and an alarm display. Examples of the sensor for detect-
ing the state in the copying apparatus 36 are an image-
fixing temperature sensor and a float sensor for detect-
ing the level of the liquid developer stored in the liquid
developer reservoir. The pulse generator 37 generates
pulises synchronously with the rotation of the photocon-
ductive drum. The buffers 38 has the function of input-
ting to the CPU 30 the signals outputted from the opera-
tion panel display unit 35.

The on-and-off operation of the motor for the suction
fan which works to decompose the ozone generated in
the copying apparatus is controlled by the CPU 30

‘through the input/output port buffer 33 and the driver

which is assigned to the control of the motor for the
suction fan.

FIG. 8 is a flow chart of the control operation (main
routine) of the CPU 30 in FIG. 7. |

When the power is turned on, the CPU 30 starts the
main control operation (step 1). The CPU 30 initializes
the temperature of a heater of the heat-application rol-
ler, and the copy mode such as the number of copies and
the magnification (step 2). After the completion of the
mitialization, the CPU 30 sets the copy mode corre-
sponding to the contents inputted by the operator (step
3). Then, the CPU 30 checks the conditions of the copy-
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ing operation, for example, whether the heater of the
heat-application roller is sufficiently warmed up (step
4). If the conditions of the copying operation are satis-
fied, the CPU 30 stands ready for the copying operation
and waits for the pressing of the print key (step 5).

A flow chart of the aforementioned step 3 executed
by the CPU 30 is shown in FIG. 9.

In the step 3 of the copy mode setting, the CPU 30
sequentially processes the signals of the number of cop-
ies (11), the magnification (12) and the selection of the
cassette (13), and other signals in the succeeding sub-
routines. |

Referring to FIG. 8, when the print key is pressed by
the operator, the CPU 30 proceeds to the copy-starting
processing (step 6). |

A flow chart of the aforementioned step 6 executed
by the CPU 30 1s shown in FIG. 10.

In the step 6 of the copy-starting operation, a main
motor 1s turned on (14) to rotate the photoconductive
drum, and then a pump motor is turned on (15) to sup-
ply a liquid developer stored in a liquid developer reser-
voIr to a development unit and a cleaning unit. Next, the
CPU 30 sets to a program timer 1 the required time to
sufficiently supply the development unit with the liquid
developer since the pump motor has been turned on,
and starts the above-mentioned program timer 1 (16).
The CPU 30 waits until the time set to the program
timer 1 1s up (17). When the time is up, the CPU 30
proceeds to the copy-operation processing (step 7) in
the flow chart of FIG. 8.

A flow chart of the aforementioned step 7 executed
by the CPU 30 1s shown 1n FIG. 11.

In the copy-operation processing (step 7), the CPU 30
first starts a 1-minute program timer 2 (21). Until the
program timer 2 1s over, the pulse control processing is
executed (31) with the motor for the suction fan not
operated. In the pulse control processing (31), each part
of the tmage formation process, such as the exposure
lamp, electric charger and scanner, i1s sequentially con-
trolled, and the copy process including the paper sup-
ply, paper transportation and image transfer is then
controlled, synchronously with the count by the pulse
generated from the pulse generator 37 of FIG. 7, which
1s linked with the photoconductive drum.

Each time a sheet of transfer paper is completely
copied, the count of the copy number is increased by
one increment and the CPU 30 checks whether the
number of copies inputted by the operator has been
entirely finished (32). If the required number of copies is
not yet finished, the CPU 30 does not turn on a termina-
tion flag and escapes from this routine to return to the
first stage of the copy operation processing (step 7)
again.

The copy operation is thus continued, and when one
minute has passed, the expiration of the program timer
2 is detected (23) and the motor for the suction fan in the
duct 1s turned on (24). At the same time, a five-second
program timer 3 1s set and the program timer 3 starts to
count the time (25 and 26). While the program timer 3
is counting the time, the copy operation is similarly
continued. When the expiration of the program timer 3
is then detected (27), the motor for the suction fan is
turned off (28) and the program timers 2 and 3 are reset
(29 and 30). The CPU 30 proceeds to the pulse control
processing (31) and once returns to the main routine in
FIG. 8. If the required number of copies is not yet fin-
ished copying, the CPU 30 proceeds to the copy opera-
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tion processing (step 7) and starts again the one-minute
program timer 2 (21).

In the course of the copying operation, the suction
fan is intermittently driven to rotate for 5 seconds every
one minute by the above-mentioned control operation
of the CPU 30. As a result, ozone generated in the copy-
Ing apparatus is efficiently decomposed. When the num-
ber of copies i1s completely finished, the copy termina-
tion flag is turned on (33), and the CPU 30 proceeds to
the after-copy processing (step 9) in the main routine of
FIG. 8.

A flow chart of the aforementioned step 9 executed
by the CPU 30 1s shown in FIG. 12.

In the step 9 of the after-copy processing, the motor
for the suction fan is turned off (41) and the pump motor
for the liquid developer is stopped (42). Waiting for the
residual transfer sheet to be discharged from the copy-
ing apparatus (43), the CPU 30 turns off the main motor
(44).

Referring to the flow chart of FIG. 8, the termination
of the after-copy processing leads to the copy mode

setting (step 3), and thereafter, the loop from the step 3
to step 9 is repeated.

Control System I

The suction fan automatically starts to rotate after the
continuous copying operation over a period of 1 or 2
minutes.

The same control operation as in Control System I is
repeated by CPU 30 except that the copy operation
processing (step 7) is changed as follows:

A flow chart of the copy operation processing (step
7) in Control System 1I is shown in FIG. 13.

The CPU 30 first sets a control timer 4 (51), and then
checks whether DIP switch is in the “on” or “off
position (52). If the DIP switch is in the “on” position,
the CPU 30 waits for the expiration of the control timer
4 for two minutes (83). On the other hand, if the DIP
switch 1s in the “off” position, the CPU 30 waits until
the control timer 4 counts the elapsed time of one min-
ute (55). While the CPU 30 waits for the expiration of
the control timer 4, the motor for the suction fan is
turned off. After a lapse of one or two minutes, the CPU
30 turns on the motor for the suction fan (54).

In Control System I1, the motor for the suction fan is
turned on and the suction fan is driven to rotate one or
two minutes after the copy operation is started. When
the continuous copy is finished, the termination flag is
turned on (38) and the motor for the suction fan is
stopped similarly to the step 41 in the flow chart of
FIG. 12.

Depending on the area of a room where the copying
apparatus 1s operated and the ambient circumstances,
the time preset to the control timer 4 can freely be
altered by switching the position of DIP switch.

Control System III

The suction fan is rotated for 5 seconds after the copy
number counter counts to fifty. .

The same control operation as in Control System I is
repeated by CPU 30 except that the copy operation
processing (step 7) is changed as follows:

A flow chart of the copy operation processing (step
7) in Control System III is shown in FIG. 14.

The CPU 30 first starts a copy number counter 1 (61
and 62). Until the copy number counter counts to fifty,
the pulse control processing is executed (71) with the

‘motor for the suction fan not operated. In the pulse
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control processing (71), each part of the image forma-
tion process, such as the exposure lamp, electric charger
and scanner is sequentially controlled, and the copy
process including the paper supply, paper transporta-
tion and image transfer i1s then controlled, synchro-
nously with the count by the pulse generated from the
pulse generator 37 of FIG. 7, which 1s linked with the
photoconductive drum.

- The CPU 30 checks whether the number of copies
mputted by the operator has been entirely finished (72)
every cycle of the copy operation. If the required num-

10

ber of copies is not yet finished, the CPU 30 does not

turn on a termination flag and escapes from this routine
to return to the first stage of the copy operation process-
ing (step 7) again.

The copy operation is thus continued, and when the
copy number counter 1 counts to fifty (63), the motor
for the suction fan in the duct is driven to rotate (64). At
the same time, a five-second program timer 3 1s set and
the program timer 3 starts to count the time (65 and 66).
While the program timer 3 is counting the time, the
copy operation Is stmilarly continued. When the expira-
tion of the program timer 3 is then detected (67), the
rotation of the motor for the suction fan is stopped (68)
and the copy number counter 1 and the program timer
3 are reset (69 and 70). The CPU 30 proceeds to the
pulse control processing (31) and once returns to the
main routine in FIG. 8. The values of the copy number
counter 1 and the program timer 3 may freely be desig-
nated by switching the positions of the respective DIP
switches.

Every time the copy number counter counts to fifty,
the suction fan is driven to rotate for five seconds by the
above-mentioned control operation of the CPU 30. As a
result, ozone generated in the copying apparatus is effi-
ciently decomposed. When the number of copies is
completely finished, the copy termination flag is turned
~on (72 and 73), and the CPU 30 proceeds to the after-
copy processing (step 9) in the main routine of FIG. 8.

Control System IV

The suction fan automatically starts to rotate after the
copy number counter counts to 100 or 30.

The same control operation as in Control System I 1s
repeated by CPU 30 except that the copy operation
processing (step 7) is changed as follows:

A flow chart of the copy operation processing (step
7) in Control System IV 1s shown in FIG. 18.

The CPU 30 first starts a copy number counter 2 (81).
Then, it checks whether DIP switch is in the “on” or
“off”’ position (82) and checks the value inputted in the
copy number counter (83 and 85). If the DIP switch is
in the “on” position, the pulse control processing 1s
executed (86) with the motor for the suction fan not
operated until the copy number counter counts to one
hundred. In the pulse control processing (86), each part
of the image formation process, such as the exposure

lamp, electric charger and scanner is sequentially con-
trolled, and the copy process including the paper sup-
ply, paper transportation and image transfer is then
controlled, synchronously with the count by the pulse
generated from the pulse generator 37 of FIG. 7, which
is linked with the photoconductive drum. On the other
hand, if the DIP switch is in the “off” position, the pulse
control processing is similarly executed (86) with the
motor for the suction fan not operated until the copy
number counter counts to fifty.
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The CPU 30 checks whether the number of copies
inputted by the operator has been entirely finished (87)
every cycle of the copy operation. If the required num-
ber of copies i1s not yet finished, the CPU 30 does not
turn on a termination flag and escapes from this routine
to return to the first stage of the copy operation process-
Ing (step 7) again.

The copy operation is thus continued, and when the
copy number counter 2 counts to one hundred (83) or
fifty (85), the motor for the suction fan in the duct is
driven to rotate (84). When the number of copies is
completely finished, the copy termination flag is turned
on (87 and 88), and the CPU 30 proceeds to the after-
copy processing (step 9) in the main routine of FIG. 8.

Every time the copy number counter counts to one
hundred (or fifty), the suction fan automatically starts to
rotate by the above-mentioned contro! operation of the
CPU 30. As a result, ozone generated in the copying
apparatus is efficiently decomposed.

Control System V

The suction fan is rotated for 5 seconds after the
continuous copying operation over a period of 1 min-
ute, and thereafter, every time the copying operation
continues for 40 seconds, the suction fan is rotated for 5
seconds.

When fifty sheets of transfer paper is continuously
subjected to the copying operation, the ozone generated
in the copying apparatus 1s practically decomposed by
being brought into contact with the mist of a carrier
liquid for the liquid developer which scatters around
the photoconductive drum. Consequently, the concen-
tration of ozone is as low as 0.003 ppm or less after the
completion of the copy-making of fifty sheets.

In Control System V, therefore, the suction fan is
caused to rotate for five seconds (first operation) one
minute after the copying operation is started. During
one minute, about forty sheets can be copied. Thereaf-
ter, while the copy operation continues, the suction fan
i1s regularly caused to rotate for five seconds every
forty-five seconds. During forty-five seconds, about
thirty sheets can be copied.

The above-mentioned operating interval of the suc-
tion fan will now be supported with reference to FIG.
17.

FIG. 17 1s a graph showing the relationship between
the elapsed time of the continuous copying operation
and the concentration of ozone.

With the lapse of time (from the starting pomt *0” to
“t1”), the concentration of ozone straightly increases
from “0” to “d;”. When the suction fan is not operated
in the copying operation, the concentration of ozone
further increases from *“d;” as indicated by a chain line.

In the case where the suction fan is driven to rotate
when the concentration of ozone reaches the predeter-
mined level “d;”, the concentration of ozone slightly
Increases from “d;” to “dmqx’ after starting of the suc-
tion fan, and thereafter straightly decreases. While the
suction fan is continuously caused to rotate from ““t;” to
“t1+1to”, the concentration of ozone is lowered to a
concentration level “d;”.

If only a good timing to first rotate the suction fan
can be found with the maximum value of the ozone
concentration “d.x’ being sufficiently safe from the
viewpoint of hygiene, it is not necessary to rotate the
suction fan continuously thereafter. More specifically,
after the suction fan starts to rotate at “t;”, it may con-
tinue to rotate for a period of “to” until the ozone gener-
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ated in the copying apparatus 1s considerably decom-
posed. Then, the rotation of the suction fan may be
stopped when the ozone concentration level lowers to
*dy”. If the suction fan continues to rotate, the concen-
tration of ozone gradually decreases as indicated by a
dotted line.

After the rotation of the suction fan is stopped, the
concentration of ozone slightly decreases from *‘d;” and
it increases again. When the level of ozone concentra-
tion reaches *‘d>” again, the suction fan is caused to
rotate for a period of *‘t¢"’. Thereafter, the operation of
the suction fan is repeated until the copying operation is
finished.

By actually measuring how long it takes from the
starting point or the point “t;+1to” to the level of the
ozone concentration “d;”, the operation of the suction
fan can be controlled by the control system without
constantly detecting the ozone concentration.

As can be seen from the graph in FIG. 17, there is a
relationship of (1;)>(ta—1t1)=({t3—1t2)=(t4—13). In this
control system, therefore, (t1) is set to one minute and
(ta—ty1), 45 seconds.

In Control System V, the same control operation as in
Control System I 1s repeated by CPU 30 except that the
copy operation processing (step 7) i1s changed as fol-
lows:

A flow chart of the copy operation processing (step
7) in Control System V 1s shown in FIG. 16.

In the copy-operation processing (step 7), the CPU 30
first starts a one-minute program timer 5 (22 and 23).
Until the program timer § is over, the pulse control
processing 1s executed (37) with the motor for the suc-
tion fan not operated. In the pulse control processing
(37), each part of the image formation process, such as
the exposure lamp, electric charger and scanner is se-
quentially controlled, and the copy process including
the paper supply, paper transportation and image trans-
fer 1s then controlled, synchronously with the count by
the pulse generated from the pulse generator 37 of FIG.
7, which is hinked with the photoconductive drum.

Every cycle of the copy operation, the CPU 30
checks whether the number of copies inputted by the
operator has been entirely finished (38). If the required
number of copies is not yet finished, the CPU 30 does
not turn on a termination flag and escapes from this
routine to return to the first stage of the copy operation
processing (step 7) again.

The copy operation is thus continued, and when one
-~ minute has passed (24), the motor for the suction fan in
the duct 1s driven to rotate (28). At the same time, a
five-second program timer 6 is set and the program
timer 6 starts to count the time (29 and 30). After five
seconds have passed, a second flag is turned on (32) and
the rotation of the suction fan 1s stopped (33). The pro-
gram timers §, 7 and 6 are reset (34 , 35 and 36). The
CPU 30 proceeds to the pulse control processing (37). If
the number of copies does not reach the value inputted
by the operator, the CPU 30 returns to the step 21.

At the step 21, since the second flag is turned on (32),
a forty-second program timer 7 is started (25 and 26).
Until the program timer 7 1s over (27), the CPU pro-
ceeds to the pulse control processing (37). |

Every cycle of the copy operation, the CPU 30
checks whether the number of copies inputted by the
operator has been completely finished (38). I the re-
quired number of copies is not yet finished, the CPU 30
does not turn on a termination flag and escapes from
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this routine to return to the first stage of the copy opera-
tion processing (step 7) again.

The copy operation is thus continued, and when forty
seconds have passed (27), the motor for the suction fan
in the duct is driven to rotate (28). At the same time, a
five-second program timer 6 is set and the program
timer 6 starts to count the time (29 and 30). After five
seconds have passed (31), a second flag is turned on (32)
and the rotation of the suction fan is stopped (33). The
program timers 8, 7 and 6 are reset (34, 35 and 36). The
CPU 30 proceeds to the pulse control processing (37).

In this control system, as previously explained, the
copying operation starts and continues for one minute,
and then the suction fan is first caused to rotate for five
seconds. In the case where the copying operation fur-
ther continues, the suction fan is caused to rotate for
five seconds again forty seconds after the termination of
the first rotation. Thereafter, the suction fan is repeat-
edly caused to rotate for five seconds every forty sec-
onds after the termination of the previous rotation until
the copying operation is over. When the copying opera-
tion is finished, the copy termination flag is turned on
(38) and the CPU 30 proceeds to the after-copy process-
ing (step 9) in FIG. 8.

As previously mentioned, in the image formation
apparatus according to the present invention, ozone is
intentionally brought into contact with the solvent mist
to decompose the ozone. Another control system of the
present invention will now be explained by referring to
FI1G. S.

The image forming mechanism employed in the
copying apparatus of FIG. § is substantially the same as
that in the conventional one as shown in FIG. 1.

Ozone 1s generated from the electric charger 10, the
transfer charger 14 and the separation charger 15. In
FIG. §, the ozone is sucked and trapped by a suction fan
40 in the direction of the arrow. The concentration of
ozone In the apparatus is detected by an ozone concen-
tration detector (now shown) which is placed at an
appropriate position, for example, the position “a” in
FIG. 5. Depending on the ozone concentration de-
tected by the 0zone concentration detector, a heater 43
in a solvent container 41 is actuated by a solenoid which
1s controlled by a control system (not shown).

More specifically, when the ozone concentration
detected by the ozone concentration detector exceeds
the predetermined level, the control system turns on the
heater 43 to heat a volatile solvent 42 in the solvent
container 41. The solvent mist thus generated from the
solvent container 41 is sucked in the direction of the
arrow by the aid of the suction fan 40 and comes in
contact with the ozone which is also trapped by the
suction fan 40, thereby effectively decomposing the
ozone. Thereafter, the solvent mist is discharged to the
outside together with the decomposed ozone.

As the ozone is decomposed, the ozone concentration
decreases in the apparatus. When the ozone concentra-
tion faills below the predetermined level, the control
system turns off the heater 43 off to stop heating the
volatile solvent 42 in the solvent container 41.

In FIG. §, reference numeral, 44 indicates a guide
plate which helps the suction fan 40 to trap ozone. Ref-
erence numeral 46 indicates a recovery filter, which has
the function of not only trapping the solvent mist in
order to effectively bring it into contact with ozone, but
also turning the solvent mist into a liquid form to re-
cover the solvent in the solvent container 41.
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In the copying apparatus as shown in FIG. 3, it 1s
preferable that the operation of the suction fan 40 be
linked with the on-and-off operation of the heater 43 by
a control system. Namely, when the heater 43 1s turned
on, the suction fan 40 is driven to rotate, and on the
other hand, when the heater 43 i1s turned off, the rota-
tion of the suction fan 40 is stopped.

In addition to the above, 1t is preferable that a shutter
45 be provided at the upper part of the solvent container
41 as shown in FIG. 5. The reason for this i1s that the
solvent 42 in the solvent container 41 evaporates and i1s
wastefully consumed by the remaining heat after the
heater 43 is turned off. When the shutter 45 is closed
immediately after the heater is turned off, the solvent
can be prevented from being wastefully consumed. The
open or close operation of the shutter 48 is linked with
the on-and-off operation of the heater 43, just like the
operation of the suction fan 40. When the heater 43 is
turned on, a solenoid of the control system actuated the
shutter 45 to open, and when the heater 43 1s turned off,
the shutter 45 is controlled to be closed.

In the case where the thermal image-fixing process 1s
employed in the image ﬁxing unit, the solvent container
41 is preferably positioned in the vicinity of, particu-
larly above the image ﬁxmg unit from the viewpoint of
the thermal energy saving.

In addition, it 1s desirable that the solvent container
41 compnse at least a metal to improve the response to
the increase in temperature of the heater 43.

The suction fan 40 may adequately be prowded at the
paper discharging side of the apparatus in the case
where the suction fan 40 also serves to discharge the
ozone gas.

The nozzle of the ozone concentration detector may
be set at any position where the average concentration
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This control system of the present invention will now
be explained in detail by referring to the following ex-
amples.

EXAMPLE 6-1

A solvent tank 41 of a dry-type copying apparatus as
shown in FIG. § was supplied with a commercially
available dimethyl silicone, *“KF-96" (Trademark),
made by Shin-Etsu Polymer Co., Ltd., with a viscosity
of 1 cs and a boiling point of less than 299° C. A shutter
45 was not provided at the upper part of the solvent
container 41.

A commercially available ozone concentration detec-
tor, “DY8410" (Trademark), made by Dylec Co., Ltd.,
was set 20 cm inside the exhaust vent. In this copying
apparatus, a control system is provided, so that the
operation of the ozone concentration detector and that
of the suction fan 40 were made to link with the on-and-
off operation of a heater 43. When the ozone concentra-
tion detector detected the ozone concentrations of 0.1
ppm or more, the heater 43 is turned on, which actuated
the suction fan 40 to rotate. On the other hand, when
the ozone concentration detector detected the ozone
concentrations of less than 0.1 ppm, the heater 43 is

25 turned off, which stops the rotation of the suction fan.

30

35

of ozone generated in the apparatus can be measured.

For instance, the ozone concentration detector may be
set at the position **a” in FIG. §.

Examples of the volatile solvent stored in the solvent
container 41 include silicone oils, aliphatic hydrocar-
bons, aromatic hydrocarbons, lower alcohols, esters,
ethers, ketones and halogens. Of these, the silicone o1l 1s
preferable because it is non-toxic and has no odor. In
addition to the above, the silicone o1l can easily be
trapped by the filter 46 and thereafter it can readily be
turned into droplets.

Furthermore, the silicone oil with a boiling point of
229° C., or a viscosity of 1.5 cs or more 1s more prefera-
ble in terms of a balance of the generation and consump-
tion of the mist. Specific examples of the silicone oil for
use in the present invention are a dimethyl silicone, a
methylphenyl silicone, and a cyclic polysiloxane.

This control system of the present invention has been
explained by referring to the dry-type electrophoto-
graphic copying apparatus as shown in FIG. §. As a
matter of course, this control system can be apphed to
the wet-type one only by using the development unit for
the liquid developer. In addition, when this control
system is applied to the electrostatic recording appara-
tus, the latent electrostatic image formation means may
be replaced by, for example, a recording head. With
respect to the image fixing method, not only the thermal
image fixing method by use of a heat-application roller
as shown in FIG. 5, but also the thermal image fixing
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methods by use of a heated plate or flash, and the pres-

sure-application image fixing method can be employed
in the present invention.

Using the above-mentioned copying apparatus, a
continuous copy test was carried out for 3 hours in a 30
m- room without ventilation at the ambient temperature
and humidity of 23°%+2° C. and 55+5% RH.

After the completion of the copy test, the concentra-
tion of ozone was 0.014 ppm, and the odor of 0zone was
hardly sensed.

The above-mentioned dimethyl silicone with a vis-
cosity of 1 cs generated a considerable amount of mist
when the temperature of the heater 43 was in the range
of 140° to 150° C. However, the consumption of the
dimethyl] silicone was also considerable.

COMPARATIVE EXAMPLE 6-1

Using the conventional dry-type electrophotographic
copying apparatus as shown in FIG. 1, with the ozone
concentration detector set at the same position as in
Example 6-1, a copy test was carried out in the same
manner as in Example 6-1.

After the completion of the copy test, the ozone con-
centration was as high as 0.27 ppm.

EXAMPLE 6-2

Using the same dry-type electrophotographic copy-
ing apparatus as in Example 6-1, the same copy test as in
Example 6-1 was repeated except that a solvent stored
in the solvent container 41 was changed to a commer-
cially available dimethyl silicone, “SH-200" (Trade-
mark), made by Toray Silicone Co., Ltd., with a viscos-
ity of 1.5 cs and a boiling point of 229° C. or more.

As a result, the amount of mist which generated from
the solvent container 41 was smaller than that in Exam-
ple 6-1 at the temperature of the heater 43 of 140° to
150° C., but the consumption of the dimethyl silicone
used in Example 6-2 was smaller. Therefore, the replen-
ishment cycle of the dimethyl silicone oil was long, and
the balance of the generation and consumption of the
solvent mist was regarded as preferable.

When the dimethyl silicones with a viscosity of 2 cs,
50 cs and 100 c¢s (all of them had a boiling point of 229°
C. or more) were experimentally used in turn, the bal-
ance of the generation and consumption of the solvent
mist was rather good in all the cases.
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EXAMPLE 6-3

Using the same dry-type electrophotographic copy-
ing apparatus as in Example 6-1, the same copy test as in
Example 6-1 was repeated except that a shutter 45, 3
which was designed to be opened or closed in accor-
dance with the on-and-off operation of a heater 43 in a
solvent container 41, was provided at the upper part of
the solvent container 41, as shown in FIG. 5.

As a result, the consumption of the silicone oil was 10
decreased, and ozone was effectively decomposed.

In this control system of the present invention, since
the suction fan serving as an ozone trapping means and
ozone discharging means, and the solvent container
equipped with a built-in heater serving as a solvent mist 1>
generation means are intentionally provided in the
image formation apparatus, the ozone is efficiently
brought into contact with the solvent mist and effec-
tively decomposed.

What 1s claimed is:

1. An image formation apparatus comprising;:

a latent electrostatic image formation means for form-
ing on a latent-electrostatic-image-bearable photo-
conductive member a latent electrostatic image;

a development means for developing said latent elec-
trostatic 1mage into a visible toner image using a
liquid developer;

an ozone decomposing and discharging means for
decomposing and discharging ozone generated in
sald 1mage formation apparatus by mixing said
ozone and a solvent mist of said liquid developer
generated in said development means; and

a solvent mist recovery means for recovering said
solvent mist. | 15

2. The image formation apparatus as claimed in claim
1 wherein said solvent mist - recovery means is a filter.

3. An image formation apparatus comprising:

a latent electrostatic image formation means for form-
Ing on a latent-electrostatic-image bearable photo- 4,
conductive member a latent electrostatic image;

a development means for developing said latent elec-
trostatic image into a visible toner image with a
developer;

an image transfer means for transferring said visible 45
toner image from said photoconductive member to
a transfer sheet:

an image-fixing means for fixing said visible toner
image to said transfer sheet, comprising an image
fixing roller, the surface of which is coated with a 3g
release agent;

an ozone decomposing and discharging means for
decomposing and discharging ozone generated in
said image formation apparatus by mixing a mist of
said release agent generated in said image-fixing ss
means and said ozone generated in said image for-
mation apparatus and discharging said ozone;

solvent mist generation means for generating a sol-
vent mist, said solvent mist generation means com-
prising a solvent reservoir, from which said solvent 60
mist 1S caused to evaporate; and

an ozone concentration detection means for detecting
the concentration of ozone generated in said image
formation apparatus, the operation of said solvent
mist generation means being controlled in accor- 65
dance with the concentration of ozone detected by
said ozone concentration detection means.

4. An 1image formation apparatus comprising:
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a latent electrostatic image formation means for form-
Ing on a latent-electrostatic-image-bearable photo-
conductive member a latent electrostatic image;

a development means for developing said latent elec-
trostatic image into a visible toner image with a
developer;

an image transfer means for transferring said visible
toner image from said photoconductive member to
a transfer sheet; |

an image-fixing means for fixing said visible toner
image to said transfer sheet, comprising an image
fixing roller;

a solvent mist generation means for generating a sol-
vent mist, which comprises a solvent reservoir
equipped with a built-in heater, from which said
solvent mist is caused to evaporate; and

an ozone decomposing means for trapping and de-
composing ozone generated in said image forma-
tion apparatus by mixing said ozone and said sol-
vent mist.

5. The image formation apparatus as claimed in claim

4, further comprising an ozone concentration detection
means for detecting the concentration of ozone gener-
ated in said image formation apparatus.

6. The image formation apparatus as claimed in claim
4, further comprising an ozone concentration detection
means for detecting the concentration of ozone gener-
ated in said image formation apparatus, and wherein
said built-in heater is turned ON or OFF, in accordance
with the concentration of ozone detected by said ozone
concentration detection means.

7. The image 'formation apparatus as claimed in claim
4, wherein said solvent mist generation means further
comprises a shutter for controlling the amount of said
solvent mist from said solvent reservoir.

8. The image formation apparatus as claimed in claim
7, further comprising an ozone concentration detection
means for detecting the concentration of ozone gener-
ated in said image formation apparatus, and wherein
said built-in heater is turned ON or OFF, in accordance
with the concentration of ozone detected by said ozone
concentration detection means and said shutter is
opened or closed in collaboration with ON or OFF of
said built-in heater.

9. The image formation apparatus as claimed in claim
4, further comprising an ozone concentration detection
means for detecting the concentration of ozone gener-
ated in said 1mage formation apparatus and a suction fan
for discharging said solvent mist outside said image
formation apparatus.

10. The image formation apparatus as claimed in
claim 9, wherein said suction fan is operated in accor-
dance with the concentration of ozone detected by said
ozone detection means.

11. An image formation apparatus comprising:

a latent electrostatic image formation means for form-
ing on a latent-electrostatic-image-bearable photo-
conductive member a latent electrostatic image;

a development means using a liquid developer for
developing said latent electrostatic image into a
visible toner image with a liquid developer;

an 1mage transfer means for transferring said visible
toner image from said photoconductive member to
a transfer sheet:

an 1mage-fixing means for fixing said visible toner

image to said transfer sheet, comprising an image
fixing roller:;
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a solvent mist generation means for generating a sol-
vent mist; |

an ozone decomposing means for trapping and de-
composing ozone generated in said image forma-
tion apparatus by mixing said ozone and said sol-
vent mist; and

a means for counting the number of copies made, said
ozone decomposing means being operated in ac-
cordance with the number of copies counted.

12. An image formation apparatus comprising:

a latent electrostatic image formation means for form-
ing on a latent-electrostatic-image-bearable photo-
conductive member a latent electrostatic tmage;

a development means using a liquid developer for
developing said latent electrostatic image into a
visible toner image with a liquid developer;

an image transfer means for transferring said visible
toner image from said photoconductive member to
a transfer sheet;

an image-fixing means for fixing said visible toner
image to said transfer sheet, comprising an image
fixing roller;

a solvent mist generation means for generating a sol-
vent mist;

an ozone decomposing means for trapping and de-
composing ozone generated in said image forma-
tion apparatus by mixing said ozone and said sol-
vent mist; and

a means for measuring the timer period of continuous
copy making, said ozone decomposing means being
operated in accordance with the measured copy
making time period.

13. The image formation apparatus as claimed in
claim 12, wherein said ozone and solvent mist trapping
means is operated for different periods including at least
three different periods, with the first period being dif-
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terent from the second period. and the second period
being different from the third period.

14. An image formation apparatus comprising:

a latent electrostatic image formation means for form-
ing on a latent-electrostatic-image bearable photo-
conductive member a latent electrostatic image;

a development means for developing said latent elec-
trostatic mmage 1nto a visible toner image with a
developer;

an 1mage transfer means for transferring said visible
toner image from said photoconductive member to
a transfer sheet:

an image-fixing means for fixing said visible toner
image to said transfer sheet, comprising an image
fixing roller, the surface of which is coated with a
release agent;

an ozone decomposing and discharging means for
decomposing and discharging ozone generated in
said image formation apparatus by mixing a mist of
said release agent generated in said image-fixing
means and said ozone generated in said image for-
mation apparatus and discharging said ozone; and

a mist recovery means for recovering said mist.

15. The mmage formation apparatus as claimed in

claim 14, wherein said mist recovery means is a filter.

16. An itmage formation apparatus for implementing

at least an image formation process of forming a latent
electrostatic image on a photoconductor and develop-
Ing said latent electrostatic image to a visible image,
using a liquid at least in one step of said process, com-

prising:

an ozone decomposing and discharging means for
decomposing ozone generated in said image forma-
tion apparatus and discharging the same therefrom
by mixing a mist of said liquid and said ozone: and

a mist recovery means for recovering said mist.

17. The image formation apparatus as claimed in

claiam 16, wherein said mist recovery means is a filter.
% * 3 x %
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